The authors investigated the joint effects of tobacco and alcohol consumption on the risk of squamous cell carcinomas of the upper aero-digestive tract (UADT) using data from a hospital-based case-control study conducted in southern Brazil, 1986Brazil, -1989. A total of 784 cases of cancers of the mouth, pharynx, and larynx and 1,578 non-cancer controls matched on age, sex, hospital catchment area, and period of admission were interviewed about their smoking and drinking habits and other characteristics. Using logistic regression, evidence was found for interaction between the cumulative exposures for smoking and alcohol on UADT cancer risk. The joint effects for pharyngeal cancers exceeded the levels expected under a multiplicative model for moderate smokers (p = 0.007). There was little statistical evidence, however, for interaction on cancers of the mouth (p = 0.28) or larynx (p = 0.95). Among never smokers, heavy drinkers had 9.2 times (95% confidence interval 1.7, 48.5) greater risk of cancers of mouth, pharynx, and supraglottis than never drinkers, with a doseresponse trend (p = 0.013) with cumulative consumption. The authors conclude that the interaction occurring in the pharynx between smoking and alcohol on UADT cancers is not uniform, with varying effects depending on the level of smoking exposure. Alcohol may act as both a promoter for tobacco and as an independent risk factor. Am J Epidemiol 1999; 150:1129-37. alcohol drinking; case-control studies; epidemiologic methods; head and neck neoplasms; larynx; mouth; pharynx; smoking Cancers of the upper aero-digestive tract (UADT) rank as the third most frequent group of neoplasms among males and the fourth most frequent among females in developing countries (1). Incidence and mortality rates of cancers of the oral cavity and pharynx, in particular, are rising in most areas of the world (2).
Tobacco smoking and alcohol drinking have long been identified as the two most important risk factors for UADT cancers (3) . Risk is further aggravated by diets deficient in fruits and vegetables (4, 5) and by other environmental and life-style exposures (6, 7) . Arguments for an interactive relation between smoking and alcohol on risk have long been proposed (8) . The pattern of interaction between alcohol and tobacco also seems to differ with respect to tumor site (9) . Some studies have attempted to investigate the separate effects of smoking and alcohol (3, 10) , but have been hampered by the highly correlated nature of the two behaviors and the rarity of never smokers and drinkers that are identified in epidemiologic studies (11) . The difficulty in gauging the effects of interaction between smoking and alcohol on risk is also aggravated by the inherent multidimensional nature of these variables, with few studies taking into account both intensity and duration of exposure to these factors.
We analyzed data from a large hospital-based casecontrol study of UADT cancers to assess the role of interaction between tobacco and alcohol on disease risk. The study was conducted in populations from Central and Southern Brazil, areas known for their high incidence of UADT cancers (1, 12) . We compared the risk of cancer across specific UADT sites and investigated the isolated effect of alcohol among persons with little or no reported smoking exposure.
MATERIALS AND METHODS

Population
Between February 1986 and January 1989, 784 patients with newly diagnosed, histopathologically confirmed carcinomas of the oral cavity (International Classification of Diseases, 9th Revision (ICD-9) codes 140-145), pharynx (ICD-9 146-149), and larynx (ICD-9 161) were selected from hospitals in three metropolitan areas of Brazil: Sao Paulo, Curitiba, and Goiania. Patients with tumors of the salivary gland (ICD-9 142) or of the nasopharynx (ICD-9 147) were excluded from the investigation. With the exception of the head-and-neck surgery service in Sao Paulo, which is responsible for approximately 20 percent of all incident cases of the city, the patient accrual in the other two centers approached 100 percent of all incident cases in each area for the period of study.
For each case, two control subjects (n = 1,578) were also selected from the same hospital or from the nearest general hospital by matching on sex, 5-year age group, and quarter of admission. In total, nine cases were eliminated before matching: one refused, seven interviews were interrupted due to physical conditions, and one was excluded when no suitable controls were identified. The underlying causes of hospitalization among control patients could be grouped into 13 diagnostic categories. Digestive system diseases (ICD-9 520-579) represented the most common cause (26 percent), followed by cardiovascular diseases (ICD-9 390-459) (24.9 percent) and trauma and poisoning (ICD-9 800-999) (8.6 percent). Other specified diagnostic categories included pregnancy-related diseases (ICD-9 630-676) (0.3 percent), respiratory system diseases (ICD-9 460-519) (6.1 percent), genito-urinary tract diseases (ICD-9 580-629) (7.5 percent), and ill-defined diagnostic conditions (ICD-9 780-799) (10.5 percent). Patients with neoplastic diseases (ICD-9 140-239) or mental disorders (ICD-9 290-319) were not considered eligible.
Risk factor Information
Interviews were carried out before treatment by trained nurses who were blinded to all etiologic hypotheses. The questionnaire-based interviews elicited information on sociodemographic variables, health conditions, environmental and occupational exposures, tobacco and alcohol consumption, diet, and oral hygiene.
Lifetime, cumulative exposure to tobacco was expressed in pack-years, a variable that subsumes both intensity and duration of smoking. One pack-year was defined as the cumulative exposure that corresponds to smoking one pack of cigarettes (20 cigarettes in Brazil) per day for one year. This variable incorporated smoking of manufactured cigarettes, hand-rolled cigarettes, cigars, and pipes. Tobacco doses were calculated as follows: 20 manufactured cigarettes = 4 handrolled, black tobacco cigarettes = 4 cigars = 5 pipefuls with regular pipe tobacco = one pack. Data on frequency and volume of alcohol consumption were also gathered for all types of alcoholic beverages, including beer, wine, hard liquor, cachaga (a spirit made from sugar cane), and combined into a synthetic index which expressed lifetime consumption of ethanol in kilograms. The doses of ethanol concentration were calculated as follows: beer = 5 percent, wine = 10 percent, and hard liquor and cachaga = 50 percent ethanol.
Statistical analysis
We estimated relative risks of disease associated with individual exposures by computing odds ratios and their respective 95 percent confidence intervals (CI) by multivariate logistic regression using conditional maximum likelihood estimation, thus preserving the matching used in the design (13) . Analyses were done with MULTLR, a public domain logistic regression software (available at http://www.epi.mcgill.ca) (14) . Statistical assessment of interaction (effect modification) was based on a multiplicative model by fitting models containing both main effects (smoking and alcohol consumption) and their cross-product terms. Inference was based on the partial likelihood ratio (deviance) statistic between nested models adjusted for confounders.
Potential empirical confounders were examined from tens of sociodemographic, dietary, occupational, and oral hygiene variables. Assessment of confounding was based on a deviation in odds ratios of 5 percent or greater from the model mutually adjusting for tobacco or alcohol consumption (15) . All covariates identified by this method were considered as empirical confounders and were included in all models.
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RESULTS
Case accrual by city was as follows: 213 (27.2 percent) in Sao Paulo, 380 (48.5 percent) in Curitiba, and 191 (24.4 percent) in Goiania. Cases included 373 (47.6 percent) patients with oral cancer, 217 (27.7 percent) with pharyngeal cancer, and 194 (24.7 percent) with laryngeal cancer. In general, sociodemographic characteristics did not differ markedly between cases and controls. The proportion of white patients among cases (85 percent) was slightly higher than among controls (80 percent). There were more illiterate cases than controls (32 percent vs. 27 percent), and a higher percent of cases were Catholic (92 percent vs. 81 percent). Cases had somewhat lower median family income values than controls: US$66 and US$83 per month, respectively. Most subjects (87.1 percent) were men, and the average age of cases and controls was 58 years.
As expected, smoking was more frequently reported by cases than by controls; 28 percent of the controls had never smoked compared with only 4 percent of the cases. Likewise, for alcohol drinking, 25 percent of the controls compared with 9 percent of cases were nondrinkers. The alcohol-adjusted odds ratio contrasting ever versus never smokers was 8.3 (95 percent CI 5.3, 13.0), whereas the crude odds ratio was 9.7 (95 percent CI 6.3, 15.1). The smoking-adjusted odds ratio for alcohol was 2.8 (95 percent CI 1.9, 4.0) and the crude odds ratio was 4.0 (95 percent CI 2.8, 5.8).
The covariates that yielded changes in the adjusted odds ratio for smoking of more than 5 percent in either direction (other than alcohol) were use of wood stove in home (6.4 percent decrease) and temperature of beverages consumed (8.1 percent decrease). The variables that changed the odds ratio for alcohol by more than 5 percent (other than smoking) were race (9.9 percent decrease), religion (6.0 percent decrease), consumption of spicy foods and peppers (7.4 percent decrease), and temperature of beverages consumed (7.0 percent decrease). Interaction between various study factors and tobacco and alcohol consumption was investigated in models containing each factor, terms for tobacco and alcohol, and cross-product terms between the factor and the latter variables. Except for the interaction between tobacco and alcohol (described below), there was no statistical evidence of effect modification with other variables.
Analysis of all sites
Tobacco consumption was based on a baseline category for non-exposure and three exposure categories defined by the tertile cut-off values within exposed controls: 1) never smokers, 2) <1-25 pack-years, 3) 26-60 pack-years, 4) >60 pack-years. Following the same procedure, lifetime exposure to alcohol was defined as: 1) <1 kg, 2) 1-145 kg, 3) 146-932 kg, 4) >932 kg of ethanol. Risk magnitudes for a model assuming effect modification as compared with the baseline model assuming independence of effects are represented in figure 1 .
In figure 1A , where independence of effects was assumed, the odds ratios reflect only mutual adjustment. The risk due to alcohol seems to increase somewhat exponentially with levels of tobacco consumption. Figure IB illustrates the effect after addition of the cross-product terms. With exposure to tobacco, the effect of increasing alcohol consumption was augmented compared with corresponding risks observed in figure 1A . There was borderline statistical evidence of effect modification as judged by the contribution of goodness of fit of nine cross-product terms in addition to a baseline model containing six main effect terms for smoking and alcohol (p = 0.063). By omitting the empirical confounders from the latter models, there seemed to be a gain in precision (at the expense of compromising validity) in the assessment of interaction (p = 0.02).
Site-specific analysis
The preceding analysis indicated that a more complex nature of effect modification was occurring within the three main sites along the aero-digestive tract: mouth, pharynx, and larynx. To compensate for the reduction in sample size in site-specific analyses, tobacco consumption was reduced to three categories: a baseline group including light smokers of <5 packyears, and two exposure categories defined by the median cutoff value in exposed controls, 6-42 packyears and >42 pack-years. Lifetime exposure to alcohol was defined as 0-10 kg (baseline), 11-530 kg, and >530 kg of alcohol. Inclusion of very low consumption levels in the categories of non-exposure for smoking and alcohol was necessary to allow enough cases to be classified in the joint baseline category. Table 1 shows the frequency distributions for cases and controls according to the combined categories of both main exposures for each UADT site. Table 2 shows the odds ratios of mouth cancer for combined categories of tobacco and alcohol consumption. Assuming independence, both smoking and alcohol consumption were considered as independent variables in the model, referring to a baseline category of light smokers and drinkers. By including the crossproduct terms for tobacco and alcohol consumption, the odds ratios over levels of exposure did not vary materi- ally between models, which resulted in a nonsignificant contribution to the overall goodness of fit of the independence model Gog likelihood ratio test, p = 0.284). When the two main exposures were considered as ordinal variables, significant dose-response trends were observed (both tobacco and alcohol: p = < 0.0001). However, the contribution of the cross-product term on the baseline model remained nonsignificant.
Likewise, table 3 shows the odds ratios of pharyngeal cancer for combined levels of tobacco and alcohol. Without the cross-product terms, the odds ratio for moderate tobacco and high alcohol consumption increased to 16.6 (95 percent CI 5.7, 48.5). However, assuming effect modification between smoking and drinking, the joint effect for the same levels of exposures increased fourfold, with a significant contribution by the inclusion of the interaction terms (p = 0.007) supporting the model for interaction. The statistical trends for dose-response relationships for smoking and drinking were also significant (both p < 0.0001). Assuming effect modification, the increases in risk with alcohol consumption above baseline at all levels of smoking were also higher in the pharynx when compared with the equivalent models for mouth cancer. Comparing odds ratios within the same model for interaction, the combined risks for joint exposure to moderate smoking and moderate to high alcohol consumption were higher than expected as determined by the simple product of the odds ratios for smoking and alcohol in the absence of the other. However, at high levels of smoking, the observed odds ratios were lower than expected for moderate and high alcohol drinking. The effect modification terms therefore contributed both a positive and negative effect on the joint risks of pharyngeal cancer. A model including dichotomous forms of the two variables based on the same baseline category of light smokers and drinkers produced a net sub-multiplicative interaction effect (data not shown). statistical evidence of effect modification (p = 0.945).
Although the dose-response relationships were significant for both tobacco (p < 0.0001) and alcohol (p = 0.0004), the effect of alcohol seemed to become pronounced only at the highest consumption level among light smokers. We used dichotomous forms of the two exposure variables to analyze the joint associations by subsite (table 5) . In each combination, there was no statistical evidence of interaction as judged by the contribution to goodness of fit of the one cross-product term in addition to the baseline models. This was primarily due to the small number of cases within each subsite sample. For supra-glottis (ICD-9 161.1), oropharynx (ICD-9 146), and hypopharynx (ICD-9 147), there was indication of enhanced effects for joint exposure to smoking and alcohol due to elevated baseline risks in the models assuming effect modification. In contrast, the effect of fitting models including the cross-product term for oral cavity subsites and for the glottic region (ICD-9 161.0-161.2) was to reduce odds ratio estimates for all exposure levels although the cross-product terms had positive effects on the joint estimates of risk. Table 6 shows the odds ratios of combined cancers of the mouth, pharynx, and supra-glottis due to alcohol drinking exclusively among never smokers and for a larger stratum that also included light smokers of <5 pack-years. Because this restriction created strong imbalance between cases and controls across all matched sets, a new matching indicator was created to regroup subjects in such a way that no sets were formed with zero cases. Controls were rematched to cases only by 5-year age group, sex, and study location. In addition, alcohol consumption had to be categorized with different cutpoints to represent the tertiles of exposure above the baseline of lifetime nondrinkers among controls. Two categorical forms for alcohol consumption were used: never drinkers versus ever drinkers, and nondrinkers who had consumed <1 kg of alcohol versus drinkers divided into tertiles of consumption.
Effect of alcohol In nonsmokers
Even with the small frequency of never smokers, both crude and adjusted models showed a significant risk elevation with ever drinking. Both models showed statistically significant trends in dose-response relationship with increasing levels of alcohol exposure. As expected, when light smokers were included, there was some gain in precision in gauging the effect of alcohol, both at each level of consumption and as a doseresponse trend. 
DISCUSSION
Before we address the implications of these findings, it is important to consider the limitations of the study. Odds ratios were based on a comparison with hospital controls, with no attempt to exclude tobacco and alcohol-related diseases from the latter group. In consequence, exposure prevalence among controls may have been overestimated, thus leading to conservatively biased odds ratios. The degree of bias is unlikely to have varied geographically. By stratifying the analyses of tobacco and alcohol by study center, we did not observe materially different results concerning the strength of the associations and patterns of effect modification. This indicates that the magnitude and patterns of the joint associations seemed to be invariant with respect to the distribution of diagnostic conditions among hospital controls. It was also reassuring that although case subjects had on average lower incomes and were less educated than controls, the effect from confounding was negligible. Including primary indicators of socioeconomic status into the analyses did not change the magnitude of the odds ratios for the two key exposures.
Misclassification from faulty recall or as a result of the simplifying assumptions we made when constructing the cumulative summary variables may have influenced the results. However, since all interviews were conducted in hospitals and no subjects or interviewers were made aware of the etiologic hypotheses being tested, recall or reporting error would be comparable for cases and controls and likely only underestimated the actual effects. Furthermore, awareness of the hazardous effects of alcohol and smoking on cancer risk is not as widespread in the population studied as compared with developed countries.
Feldman and Boxer (16) found that odds ratios for UADT cancers as an aggregate seem to indicate a higher than multiplicative interaction. In our study, when effect modification was assumed for combined UADT sites, the odds ratios for heavy drinking rose substantially for low to moderate levels of smoking and then reached a maximum for higher levels of smoking where the effect of interaction decreased expected risks. The risks of smoking increased in the absence of alcohol while the effect of alcohol within never smokers remained low. Because evidence of effect modification was borderline over the entire UADT, we suspected that the interaction pattern could vary for different epithelial regions that are in direct contact with both alcohol and tobacco carcinogens versus areas that are not directly exposed to alcohol.
The general approach to studying sites within the UADT in past studies has been to combine mouth and pharyngeal cancers together and keep the larynx and esophagus separate in statistical analyses. The available Am J Epidemiol Vol. 150, No. 11, 1999 evidence has both supported and rejected conclusions of interaction when grouping mouth and pharynx cancers together (3, 17) . Franceschi et al. (10) observed an odds ratio of 79.6 for the combined exposures of heavy smoking and drinking in oral cavity and pharyngeal cancers. Blot et al. (3) , who also observed a multiplicative effect, found an odds ratio of 37.7 in men for the highest levels of exposure. When we separated oral cavity and pharyngeal cancers, we found similar odds ratios for combined levels of highest exposure assuming the multiplicative model of independence. With effect modification, however, the odds ratio rose to 77.3 within the pharynx, a level that was comparable to that measured by Baron et al. (9) using polychotomous logistic regression to individualize the associations by site. We found an inconsistent pattern of supramultiplicative association within the pharynx for moderate smokers that increased with alcohol consumption. At higher levels of smoking, the combined risk was lower than expected, although risks for pharyngeal cancer were higher overall, considering all levels of exposure. Contribution from the cross-product term to the risk of mouth cancer was minimal, which may have resulted from the heterogeneity of effects by subsites included (tongue, floor of the mouth, gum, cheek mucosa).
Two studies have investigated tobacco and alcohol interaction in laryngeal cancer (18, 19) . When comparing the excess risk of heavy smoking and drinking over light smoking and drinking, these studies identified a mild departure above the multiplicative model. Evidence of separate risk patterns for the supra-glottis versus the intrinsic larynx has been demonstrated (20) (21) (22) (23) , and the supra-glottic region has been considered as part of the pharynx in terms of etiology and diagnosis (10) . Our results support this divergent nature in risk pattern for the larynx. We identified a tendency toward effect modification within the supraglottis that was comparable with that observed in the oropharynx and hypopharynx. The absence of an effect from alcohol among never smokers on cancers of the lip and other parts of the mouth may reflect impedance to carcinogenicity in the epithelium due to the "washing" effects of mastication and deglutition or the lack of prolonged exposure of the epithelium to alcohol.
Saracci (24) stated that, when identified as a risk factor in a more than multiplicative interaction model, alcohol may in fact be carcinogenic only in the presence of tobacco. However, Elwood et al. (17) and LaVecchia and Negri (25) observed among nonsmokers, as we did, that alcohol in fact acts both as an independent risk factor and as a promoter of oral, pharyngeal, and esophageal cancers.
Although the effect of alcohol was lower in cancers of the larynx, tobacco had a pronounced effect, even at low levels of exposure. Furthermore, odds ratios for mouth and pharynx cancers increased rapidly and significantly with greater exposure to both alcohol and tobacco. This supports the hypothesis that anatomical gradients in risk reflect the degrees of exposure and that interaction would only occur in the squamous epithelial areas of the UADT that are exposed to both carcinogens. The mouth is exposed to both alcohol and tobacco, as is the pharynx, but the larynx, especially intrinsic areas such as the transglottis, is exposed more to cigarette smoke than to alcohol.
No reference to a biologic model is required to support a statistical evaluation of independence and interaction (26, 27) . Plausible hypotheses do exist, however, to explain the synergy between tobacco and alcohol on the risk of UADT cancers. Tobacco smoke substances are known carcinogens which act primarily during the initiation process. The likely effect of alcohol, however, is more easily understood as a cancer promoter via one or more of the following mechanisms: 1) increased permeability of mucosal cells to tobacco smoke carcinogens due to solubilization by alcohol; 2) presence of low levels of carcinogenic substances in alcoholic beverages; or 3) cellular injury produced by ethanol metabolites (28) . Therefore, it is hardly surprising that, when combined with other cancer-causing agents, such as cigarette smoke, the risk of cancer in the UADT should increase significantly. The dramatic added cancer morbidity and subsequent mortality associated with smoking and drinking provides a strong argument for targeting public health campaigns to curb the effect of both exposures simultaneously.
